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 In this paper, we report on the findings of an exploratory study into the experience of 
undergraduate students as they learn new mathematical models. Qualitative and quantitative 
data based around the students’ approaches to learning new mathematical models were 
collected. The data revealed that students actively adopt three approaches to understanding a 
new mathematical model: gathering information for the task of understanding the model, 
practising with and using the model, and finding interrelationships between elements of the 
model.   We found that the students appreciate mathematical models that have a real world 
application and that this can be used to engage students in higher level learning approaches. 
Keywords:  mathematical modelling; learning approaches; student experience. 
1. Introduction 
In this paper, we refer to a “mathematical model” as a simplified idealisation of real 
processes or phenomena and to “mathematical modelling” as the process by which a model is 
developed.  The transition from a real world problem into a mathematical problem is 
regarded as the core of the mathematical modelling process (Kaiser and Schwarz, 2006). 
We investigate the way that undergraduate students go about understanding a mathematical 
model they have not seen before. This is important since we want to ensure that models are 
presented in a way that is most accessible to students so they see value and expect success 
(Biggs and Tang, 2009). 
1.1 Teaching and learning mathematical models 
Mathematical modelling has been a focal point of mathematics education since the 1960s 
(Barbosa, 2006, Blum, 2002), however Kaiser et al. state that there is not a unified 
understanding of the epistemological background of mathematical modelling (Kaiser and 
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Sriraman, 2006).  The literature raises specific concerns related to assessment (Galbraith, 
2007, Houston, 2007), teaching and learning tasks (Niss, 2002), levels of modelling 
competencies (Henning and Keune, 2007), potential of modelling to change student attitudes 
towards mathematics (Ottesen, 2002) and the appropriate balance of mathematical modelling 
and mathematical content (Blum, 2002).  Barbosa states that a modelling learning activity 
must be a problem for the students (rather than an exercise) and extracted from everyday life 
(and not purely mathematical) (Barbosa, 2006).  
The use of the mathematical modelling in higher education has been investigated in a range 
of contexts. For example, Crouch et al. presented common problems faced by students as 
they bridged the gap between a real world application and a mathematical model (and back 
again) (Crouch and Haines, 2004).  Niss reviewed a 25 year program at Roskilde Unviersity, 
Denmark, where half of the student time is allocated to semester long project/modelling 
work, conducted in small groups (Niss, 2002), while Ottesen discusses using multiple 2-week 
long ‘projects’ throughout the semester, to be completely individually (Ottesen, 2002). Kaiser 
et al. found that appropriately designed modelling activities can be undertaken by average 
students at a remarkably higher than average standard (Kaiser and Schwarz, 2006), 
stimulating engagement with the task at a deeper level. These examples indicate that a wide 
range of student-focused techniques are required to truly engage students with mathematical 
models (Burkhardt, 2006). 
 
Curricula addressing mathematical modelling should also include assessment that encourages 
higher order learning. This includes being able to “reason inductively, discriminate patterns, 
apply mathematics in novel empirical contexts and communicate the results clearly to a broad 
audience” (Kohler et al., 2010).  However, one clear obstacle to encouraging higher order 
 4 
learning is the traditional assessment structure of a heavily weighted invigilated final exam 
(Cobb and Steffe, 1983, Burton and Haines, 1997).   Assessment items such as take home 
tests, group work, project work and peer review assessment to give students exposure to real 
world mathematical modelling should be considered as alternatives.   
1.2 Context 
This study investigated how undergraduate students at an Australian university approached 
learning mathematical models, in an advanced mathematical modelling course. Students were 
required to undertake a prerequisite introductory modelling course where the basics of 
modelling were demonstrated and discussed, including the formulation and methods of 
analysis for ordinary differential equations (ODEs).    
The aim of the advanced, 3rd year, course was for students to further develop concepts and 
skills that allowed them to understand the construction (and deconstruction) of mathematical 
models. A strong emphasis was placed on understanding models in published literature and 
an improved ability to communicate mathematical arguments concerning mathematical 
models.  The methods were:   
1. First principles derivation: deriving general reaction-advection-diffusion equations 
from fundamental principles.  
2. Numerical computer simulation:  exploring the behaviour of a model through 
numerical simulation and parameter sensitivity analysis.  
3. Analytical investigation:  investigating the behaviour of a model’s solution as 
parameter values, dependent variables and independent variables change, including 
phase plane analysis.  
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4. Literature review:  reading published journal articles which contain mathematical 
models and some or all of the approaches listed above.  
As part of the assessment, students investigated, in small groups, an assigned scholarly paper 
which used ODEs to model some real world process.  This involved using techniques that 
expert mathematicians would employ to obtain a deep understanding of the dynamics of the 
model, including phase plane analysis and numerical simulation of the set of ODEs.  The 
groups then reported back to the class on their findings, exposing the entire student group to 
various applications of ODEs.  Students were required to give their understanding of the 
assumptions of the model as well as their novel thoughts on the limitations and flaws, 
allowing them to explore how they would change the model. 
2. Methodology 
2.1 Data collection 
 
Both qualitative and quantitative data were collected to investigate the approaches that 
students employ to understand a new mathematical model. Three data collection tools were 
used: anonymous questionnaire (N=25), anonymous short answer written response (N=28) 
and interviews (N=3). A total of 40 students were enrolled in the course. 
A questionnaire that elicited students’ perception of learning mathematical models was 
administered at the end of semester. The questionnaire asked students to rate how strongly 
they agreed (strongly agree, agree, neutral, disagree or strongly disagree) with statements that 
related to the unit assessment items, the best way to learn a mathematical model and the 
learning outcomes achieved by the students. The full questionnaire is presented in Table 1.  
Statement 
I feel that the first assignment has helped me to understand mathematical models and 
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Table 1: The student questionnaire. 
 Students were also asked to provide short written responses to the questions: 
1. What approaches do you take when trying to understand a mathematical model that is 
new to you? What skills and tools available to you would you say that you make use 
of? 
 
2. Complete the following sentence: I would say that learning a new mathematical 
model involves... 
The final data collection tool was a semi-structured interview with three students. Students 
were asked questions related to how they went about understanding the mathematical model 
in their assignment. The interviews served to provide specific concrete examples to illustrate 
the general statements in the short written responses. This study should be regarded as 
exploratory. Further research would naturally be required in order to make solid conclusions 
regarding how students understand new mathematical models and how best to present new 
models to them. The conclusions in this study are of relevance to the Australian context and 
to other similar university contexts. 
2.2 Data analysis  
The short answer responses and interviews were analysed for elements of an approach to 
learning, consisting of:  
their solutions better. 
I am more able to understand a new mathematical model in a tutorial/laboratory 
environment than a lecture environment. 
This unit has helped me to see how mathematical models can be used to investigate 
real world problems. 
What I have learnt about mathematical modelling, so far in this unit, is best assessed 
through a high percentage final exam. 
The best way to understand a new mathematical model is to have someone who 
already understands it, explain it to me. 
The models that I have been exposed to, so far in this unit, have changed my 
understanding of the sorts of problems that can be mathematically modelled.  
I would prefer to create my own mathematical model of a process rather than try to 
understand a model that has already been established.  
Being directed through the analysis of a mathematical model during a lecture helps 
me to understand the basis of the mathematical model itself. 
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• The student’s intention (to understand or reproduce) 
• The student’s focus (on the  learning task itself or its underlying purpose) 
• The way the student engages in learning (organising and integrating or not) 
(Dall’Alba, 2000). 
Research into approaches to learning has indicated that an approach is related to the student’s 
response to a learning context rather than being a stable characteristic (Ramsden, 1987).  In 
general, students’ approaches to learning can be mapped into two main approaches: surface 
and deep. A surface approach is characterised by passive engagement and using strategies 
such as memorising and rote learning. A deep approach is characterised by active learning 
and using such strategies as theorising, applying and searching for meaning (Marton and 
Säljö, 1976, Ramsden, 1992, Booth, 1997, Laurillard, 1997, Prosser and Trigwell, 1999). The 
two approaches could also be described as atomistic/serialistic (surface) and holistic (deep) 
(Svensson, 1997, Svensson, 1977). In the former, students see the parts of the picture, while 
in the latter they see the whole picture. It is likely that students who use a deep, holistic 
approach will have higher order learning outcomes than students who use a surface, atomistic 
learning approach (Prosser and Trigwell, 1999, Ramsden, 1992). The similarities and 
differences in approaches were then mapped into themes that illustrated the general strategy 
and described the intention behind the strategy. The questionnaire data were analysed using 
descriptive statistics. 
3. Learning approaches of students trying to understand a new mathematical 
model  
There appeared to be three primary approaches that students used when trying to understand a 
new mathematical model: 
1. Gathering background information 
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2. Using and practising with the model 
3. Finding interrelationships between elements of the model 
There were two primary intentions in employing the strategies. Students sought either to: 
1. Understand the elements of the model  
2. Understand the interrelationships between the elements/context and the application of 
the model. 
Thus, a surface approach entailed gathering background information and using and practising 
in order to understand the elements of the model (atomistic), while a deep approach used the 
all three strategies directed at understanding the interrelationships between the elements of 
the model, situating it in a context, and considering the application of the model (holistic).  
3.1 Gathering background information 
Information gathering was a primary strategy for learning new mathematical models. 
Students reported undertaking research to gather background information that underpinned 
their further exploration of the model.  
Students who adopted a surface/atomistic approach reported gathering information from a 
range of resources, without an indication of a broader purpose.  They simply listed the range 
of information used, including lecture notes, readings, textbooks, the internet and other 
people. Others gave holistic responses that indicated the purpose behind the strategy: 
Reading background information i.e. where does the process being modelled come 
from or how does it physically work.  
Students actively used their previous knowledge base as a starting point for understanding a 
new mathematical model.  Entwistle et al. note that this allows students to reach their own 
understanding of a topic (Entwistle and Entwistle, 2003).   
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Perhaps understanding a previous model or simpler idea that came first. 
Being able to compare with a familiar situation and comparing/contrasting with the 
familiar situation. 
Trying to relate and apply what I know to the new model.  
Looking at it, trying to relate it to stuff I already know, identifying what I don’t really 
understand, finding more info to help me understand it.  
Identifying what I already know and if it can be applied/built on.  
A common response was the use of other people to help students gather information to 
understand the model: 
Ask people who have already studied it  
Thinking and discussing with other class members  
Ask someone more knowledgeable 
The use of other people also included direct instruction and demonstration. This was 
illustrated in the questionnaire findings where students were asked questions that related to 
the best approach to learning a new mathematical model. For instance, 75% of students 
agreed that the best way to learn a new mathematical model was to have it explained to them 
and 95% thought that seeing the mathematical analysis performed by someone else was a 
good way for them to understand.  
Students reported that in reading background resources they were looking for particular 
information to help understand the model. This included understanding the derivation, 
mathematical terms, parameters, limitations, assumptions and, outcomes.  
 10 
Students who took a deep approach sought to understand the relationship between the above 
elements, whereas students using a surface approach mentioned the elements of the model but 
did not mention situating the model in a context or looking at how the elements of the model 
interrelated. An example of the atomistic approach is seen the response: 
Look at each term separately, pay attention to sign (+ or -) and proportionality  
3.2 Using and practising 
Students applied and practiced the models by going over examples. They reported that 
learning a new mathematical model involved repetition:  
Repeated exposure to the applications 
Revising and practicing a lot 
The use of repetition in learning is not an uncommon finding in the literature (Marton et al., 
2005, Entwistle and Entwistle, 2003). For example, Marton et al. reported that Chinese 
students often use repetition to achieve a level of understanding (Marton et al., 2005).  All 
three students who were interviewed commented at some stage that they made use of 
repetition, in one form or another, to help them learn: 
It is just practise. The more practise the more you understand it. 
I read it over and over again. A lot.  
I noticed the first couple times I read the paper it didn’t make a lot of sense but in the 
last week it made a lot more sense.   Then reading it again, my particular paper had a 
lot of scenarios and it was only at the end of the paper that I would get something in 
the middle of the paper.  . 
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3.3 Finding interrelationships between the elements of the model 
 
A deep approach entailed students describing ways they attempted to understand the 
background, derivation, terms/parameters, limitation and assumptions of the model whereas a 
surface approach entailed noticing only the discrete elements. For instance, many students 
described understanding the interrelationships as a process. In some cases this process was 
reported as being step-by-step: 
First try to understand the background to the model and get at least a basic overview if 
available. Then try to understand the variables being modelled. Then try to understand 
the individual terms and what they represent. Hopefully this would give an idea of 
what is being modelled and the approach taken. Also, it’s important to understand the 
assumptions made.  
First understanding all the elements of the physical problem, then how those elements 
can be represented in terms of rates, quantities and unknowns; then learning how the 
model is derived (equations); then observing some solutions/outcomes/implications of 
the model and relating them back to the physical problem.  
Understanding the background of the problem. Then understanding how the model is 
derived and solved. Then trying to understand the meaning of the solution.  
Understand the real-world problem being modelled. Understand assumptions made by 
authors of the model. Understand parameters of the model, especially when it has 
been non-dimensionalised. Understand the balance (mass/energy etc) that has been 
applied to the situation. Understand initial and boundary conditions applied. Follow 
the maths (solution).  
These students are adopting an ‘expert-like’ [28] strategy in seeking background information 
and understanding the context of the problem.  
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3.4 Assessing understanding of mathematical models 
Student interviews allowed the learning outcomes to be more thoroughly investigated. When 
asked whether the assignment had allowed the student to achieve something worthwhile, two 
of the three students exhibited learning outcomes at a more complex level. They discussed 
how the different tasks led to an overall understanding of the model.   
In terms of learning, yes.  Working on the different tasks helped to understand the 
paper.  
[In past courses] I haven’t been told to express my model, or express what I think 
about the model. So it has given me a good chance to look into what I would say 
about the model rather than what someone else would say.  
All three students felt that the assignment had helped them to understand that mathematical 
modelling can be used to investigate important real world problems: 
I learnt about HIV.  
It was the first time I have seen a model that wasn’t just from the classroom.  
Well, I always knew mathematical modelling could be used in the outside world for 
disease and all that, but, that’s the first time I’ve seen modelling used with such 
complexity. 
Interestingly, although not a direct question in the interviews, all three students mentioned 
that the assignment was the first time they had been asked to review a scholarly paper. 
The questionnaire revealed that when asked if what they had learnt about mathematical 
modelling was best assessed with a high percentage final exam, the majority of students 
(80%) did not agree with this statement.    
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4. Discussion 
A unified understanding of the epistemological background of mathematical modelling does 
not yet exist (Kaiser and Sriraman, 2006).  Concerns have been raised relating to areas such 
as assessment, teaching and learning tasks and potential of modelling to change student 
attitudes towards mathematics (Blum, 2002, Crouch and Haines, 2004).  In light of the 
evidence presented in this study we wish to touch on each of these concerns in the following 
recommendations for practice when teaching students mathematical modelling techniques at 
an advanced undergraduate level. Our recommendations are directed at creating a learning 
environment where students respond using a deep/holistic approach to learning. 
1. Design assessment which encourages students to finding interrelationships between 
the elements of a model 
Burkhardt  and Kaiser et al. advocate that appropriate student-focused techniques are 
required to truly engage students with mathematical models (Burkhardt, 2006, Kaiser and 
Schwarz, 2006).   In this study we found that when students were trying to understand a 
new mathematical model they tended to use either an information gathering technique 
directed at understanding elements of the model or a context setting approach (which also 
involved information gathering).  Clearly, we want students to develop a level of 
understanding where the information they have gathered provides them with an 
understanding of the context of the problem being mathematically modelled.  The 
challenge then is to develop student-focused activities and assessment tasks that require 
students to do more than just collect information on a topic.  This can be facilitated by 
using large percentage assignment tasks and project work, as evidenced by a student’s 
response regarding their assignment: 
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 ...  in previous assignments up until now I haven’t been told to express my model, or 
express what I think about the model. So it has given me a good chance to look into 
what I would say about the model rather than what someone else would say.  In 
[another subject] I got told what to think of models and I never got the chance to 
explain what I thought about the model. 
Whether or not this level of understanding could be achieved under invigilated examinations 
remains to be seen, but by establishing authentic assessment tasks that involve mathematical 
models of real world problems, students are more likely to change the way they view the use 
of mathematics. 
2. Maximise the student perceived real world value of mathematical modelling  
The student feedback, in both the interviews and questionnaires, strongly supported that 
students will see a mathematical model as important (and therefore, worth learning) if it has 
real word applicability. Barbosa advocated that a mathematical modelling learning activity 
must be extracted from everyday life (Barbosa, 2006), and the data collected here support this 
idea.  
It is important for students to appreciate how, when and why mathematical models are used 
in everyday life. Otherwise, the students will feel that the mathematical model holds no 
personal value to them or any connection with the real world it is supposed to explain 
(Ramsden, 1992).   
Mathematical modelling is a tool regularly used to help industry and government gain a 
competitive edge.  Just a few examples of where mathematical modelling has been used to 
benefit industry and/or government include global climate change (Schneider, 1997), tumor-
immune system interactions (Mallet and De Pillis, 2006) , wound healing strategies (Flegg et 
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al., 2009) and optimising alkaline battery performance (Farrell and Please, 2005).   
Unfortunately, the involvement of mathematicians in such decision making is typically 
concealed from the public (Barbosa, 2006). At the same time, it is also important to draw 
attention to the danger of interpreting mathematical models beyond the scope they were 
initially intended for (Kitching et al., 2006).   
In conclusion, the data from this study has revealed that students actively pursue one of three 
ways to understand a new mathematical model:  by gathering information, using and 
practising and developing interrelationships. The purpose is to either understand individual 
elements of the model or develop a contextual setting for the problem being modelled. 
Perhaps the difference between the approaches is because the students have perceived a 
different value in the task, with those that gather information seeing a value only in 
completing the task whereas those that feel the need to set a context for the problem are 
seeing the value in the mathematical model itself.  The challenge is to present the model in a 
way such that those students, who would normally take an atomistic approach, can see the 
mathematical problem as a whole.  
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